Introduction {#sec1-1}
============

Pseudoexfoliation (PEX) syndrome is a well-recognized age-related fibrillopathy that has been linked to multiple pathological entities of the eye; including glaucoma, cataract, and perioperative complications during eye surgery. Over the previous decades, PEX has been associated with various other conditions, such as Alzheimer's type dementia, sensory-neural hearing loss, and cardiovascular disease.\[[@ref1][@ref2][@ref3]\] Moreover, recent studies have demonstrated the presence of PEX material in a variety of tissues; such as lung, heart, brain, and vessels.\[[@ref4][@ref5][@ref6]\] These findings have led to the hypothesis that PEX is more likely a systemic disorder with multiple clinical manifestations. We systematically reviewed all full text articles indexed in PubMed related to cardiovascular implications of the PEX syndrome.

Ocular Manifestations {#sec1-2}
=====================

PEX is a degenerative disease of the eye caused by production of abnormal fibrillar material that accumulates in multiple ocular structures.\[[@ref7]\] It is the most common clinical precursor of open-angle glaucoma (PEX glaucoma) and a significant cause of intraoperative complications during eye surgery due to zonular instability, poor papillary dilatation, and increased permeability of vessels.\[[@ref8]\]

Posterior synecchiae, pseudouveitis, keratopathy, loss of normal radial iris vessels, and acceleration of cataract formation have also been described in patients with PEX material deposits.\[[@ref9]\] The diagnosis of PEX is based on slit lamp observations of the typical gray-white flakes at the papillary margin or deposits on the central area of the anterior surface of lens capsule, separated from a peripheral griddle of deposits by a clear zone.\[[@ref9]\] Although it was previously believed that PEX deposits can be seen unilaterally or bilaterally, recent studies based on electron microscopy support the concept that PEX syndrome is a generalized bilateral disorder with clinically marked asymmetric manifestation.\[[@ref10]\]

Epidemiology {#sec1-3}
============

The reported prevalence of PEX varies extensively among different populations and tends to increase with latitude in the Northern Hemisphere. Although Scandinavian populations show high prevalence of the disease, the condition has been described in all human races. The prevalence is as high as 20% in Finland and over 25% in Iceland.\[[@ref11]\] Interestingly, though in parts of Denmark and in Greenland Eskimos the prevalence of PEX has been estimated as low as 5% and 0, respectively.\[[@ref12]\] In western European countries, such as England and Germany, a prevalence of 4.0 and 4.7% has been reported, respectively.\[[@ref11]\]

It has been previously shown that the incidence of PEX increases with age. In a study of a Greek population, it was found that the prevalence increases from 1.2% in the 6^th^ decade of life to about 34% in patients older than 80 years.\[[@ref13]\] A population-based study in the United States found a prevalence of 0.67% in people aged 52-64 years, 2.6% in people aged 65-74 years, and 5% in people aged 78-85 years.\[[@ref14]\] Moreover, in the Reykjavik Eye Study; the prevalence of PEX in Iceland increased from 2.5% in those aged 50-59 years to 40.6% in those aged \<80 years.\[[@ref15]\]

Genetics {#sec1-4}
========

PEX deposits have been found in a variety of extraocular locations. Abnormal elastin fibers have been identified by electron microscopy in the heart, lung, liver, kidney, gallbladder, and meninges.\[[@ref4][@ref5][@ref6]\] Although the clinical significance of these findings is not always clear, multiple correlations between the presence of PEX deposits and system disorders have been demonstrated. Association of PEX with various diseases is shown in [Figure 1](#F1){ref-type="fig"}.

Previous studies have suggested that PEX syndrome is inherited as an autosomal dominant trait with late onset and incomplete penetrance.\[[@ref16]\] A breakthrough in understanding the disease was the identification of the lysyl-oxidase-like-1 (LOXL1) gene on chromosome 15q24 in an Icelandic population with the PEX phenotype.\[[@ref17]\] Further studies in other populations confirmed the genetic predisposition of LOXL1 carriers to PEX.\[[@ref18][@ref19]\] LOXL1 is known to bind to tropoelastin monomers and assists in the formation of elastin fibers in the extracellular matrix. Available data suggest that upregulation of LOXL1 during the early stages of PEX fibrogenesis results in the aggregation of abnormal fiber deposits, while the decreased expression of LOXL1 during the advanced stages of the disease can affect elastin metabolism and promote elastotic processes that predispose to the development of glaucoma and other disorders.\[[@ref20]\] In a recent study, atomic force microscopy (AFM) antibody recognition imaging for localization of the LOXL1 protein on PXF-affected lens capsules was employed. LOXL1 was detected on lens capsules affected by PXF syndrome by three different AFM antibody recognition techniques. The protein was found in localized regions and was associated with fibers on the surface, supporting an important role in the formation of the filamentous protein aggregates. In particular, it is conceivable that given its amino oxidase function, LOXL1 may remain attached to the elastic fibers, which eventually form part of the PEX material after performing cross-linking of elastin.\[[@ref21]\]

![Association of pseudoexfoliation syndrome with various diseases](NAJMS-5-454-g001){#F1}

Pseudoexfoliation Syndrome and Cardiovascular Disease {#sec1-5}
=====================================================

Several studies have demonstrated a link between PEX and coronary artery disease (CAD). In the Blue Mountains Eye Study, a population-based study in Australia, it was found that PEX was significantly associated with the history of angina or hypertension or a combined history of angina, acute myocardial infarction or stroke, after multivariate adjustment; including age, sex, glaucoma, and vascular risk factors.\[[@ref22]\] More recently, Citirik *et al*., showed significant difference in the prevalence of PEX in patients with CAD and also in the prevalence of CAD in PEX individuals.\[[@ref23]\] In another study designed to investigate the prevalence of glaucoma and CAD in patients with cataract and PEX, Andrikopoulos *et al*., also demonstrated that PEX was positively associated with the risk for CAD in patients of 50 years or older.\[[@ref13]\] Similar conclusions were drawn by other studies after analyzing the prevalence of cardiovascular disorders in large populations with PEX.\[[@ref24][@ref25]\] Moreover, silent myocardial ischemia, demonstrated by means of tissue Doppler echocardiography, has also been shown in individuals with PEX.\[[@ref26]\]

Despite accumulating evidence that PEX may be an independent risk factor for cardiovascular disease, other studies have failed to demonstrate any significant association with CAD or increased cardiovascular mortality.\[[@ref27][@ref28][@ref29]\] In a study by Shrum *et al*., that included 472 patients with diagnosed PEX syndrome, no association was found between ocular PEX and cardiovascular or cerebrovascular mortality.\[[@ref28]\] Interestingly, Brajkovic *et al*., examined the association between PEX and various cardiovascular diseases such as hypertension, arrhythmias, CAD, diabetes, and cerebrovascular events; and only the prevalence of arrhythmia was found to be higher in patients with PEX syndrome.\[[@ref30]\] Furthermore, a more recent study by Emiroglu *et al*., failed to show any significant relationship between PEX and CAD, aortic aneurysm, or peripheral artery disease.\[[@ref31]\]

Several pathophysiological mechanisms that could explain the increased incidence of cardiovascular disorders in patients with PEX have been described. Homocysteine has been proven to play an important role in cardiovascular disease. Multiple studies have shown that patients with PEX have significantly higher plasma homocysteine levels compared to healthy controls.\[[@ref32][@ref33][@ref34][@ref35]\] Elevated homocysteine levels in PEX patients have been identified in plasma, aqueous humor, and tears. These findings could account for the increased cardiovascular risk among patients with PEX, since high plasma homocysteine levels have been linked to a variety of vascular disorders including stroke, myocardial infarction, and veno-occlusive disease.\[[@ref36]\] In addition to high homocysteine concentrations, patients with PEX have lower folate, vitamin B12, and B6 levels.\[[@ref37]\] This could partially explain the higher prevalence of vitamin B deficiency in other diseases that have been linked to PEX, such as Alzheimer's disease.

Functional changes in systemic macrocirculation and microcirculation have been found in PEX patients.\[[@ref38]\] PEX deposits have been associated with many endothelial cell markers, collagen, fibroblasts, and elastin.\[[@ref39]\] Moreover, it has been shown that patients with PEX demonstrate impaired endothelial function. Atalar *et al*., used high-resolution ultrasound to assess brachial artery endothelial function by vascular response to reactive hyperemia (flow-mediated) and sublingual nitroglycerin.\[[@ref40]\] They found that both parameters were significantly lower compared to healthy subjects, indicating that systemic endothelial dysfunction is impaired in PEX individuals. With the use of a high precision automated ultrasonic wall-tracking increased arterial wall rigidity and decreased elasticity in the common carotid artery of PEX patients has been shown. These findings are consistent with previous studies that histologically demonstrated the presence of pseudoexfoliative deposits in the adventitia and subendothelium of the aorta and smaller arteries, accompanied by extensive fibrosis and elastosis of the tunica media.\[[@ref5][@ref6]\] In support of the above, PEX patients have been found to have raised inflammatory markers, cytokines, and markers of endothelial dysfunction such as interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), high sensitivity C-reactive protein (hsCRP) and YKL-40.\[[@ref41][@ref42][@ref43]\] However, the fact these findings have not been consistent in all studies suggests that the pathogenesis of PEX is more complex and likely multifactorial.\[[@ref44][@ref45]\]

Although the effects of PEX material on autonomic dysfunction have not been thoroughly addressed, there is evidence to support that the parasympathetic system is also affected in these patients. Hollo *et al*., identified decreased cutaneous capillary blood flow and diminished cutaneous flow reactions to cold and warmth provocation, without any change in plasma endothelin-1 levels.\[[@ref46]\] The same research group showed that baroreflex sensitivity was significantly reduced in patients with PEX, suggesting a pathologically altered parasympathetic vascular control.\[[@ref47]\] The above findings are supported by another study by the same group which reported statistically significant impairment of cardiovagal regulation and increased pulse wave velocity in PEX.\[[@ref48]\]

Hypertension {#sec2-1}
------------

Several studies have correlated PEX syndrome with arterial hypertension. However, the majority of those findings were based on a small number of patients and therefore the prevalence of hypertension among patients with PEX could be distorted. However, the Australian Blue Mountains Eye Study, a large study including a total of 3,654 patients, showed that PEX is significantly associated with a history of hypertension, angina, or both.\[[@ref22]\] In another large cross-sectional study in Japan, which included 1,884 patients; the prevalence of arterial hypertension was high and significantly associated with PEX.\[[@ref49]\] Endothelial dysfunction, oxidative stress, elastosis, and impaired autonomic regulation are some of the proposed mechanisms that may account for the high prevalence of arterial hypertension in patients with PEX syndrome. Another possible cause has recently been described by Gonen *et al*., who depicted a high incidence of renal artery stenosis in PEX individuals.\[[@ref50]\] Nevertheless, a small number of studies have not demonstrated a clear correlation between PEX and arterial hypertension.\[[@ref51]\]

Cerebrovascular disease {#sec2-2}
-----------------------

Blood flow velocities of the middle cerebral artery have been found to be decreased in patients with PEX-related glaucoma and this could predispose to cerebrovascular disease.\[[@ref52]\] In addition, total cerebral perfusion in these patients is lower than normal and previous imaging studies have demonstrated diffuse cerebral ischemic changes and cerebral infarcts.\[[@ref53][@ref54][@ref55]\] Another study showed that chronic cerebral diseases such as senile dementia, cerebral atrophy, and chronic cerebral ischemia are more common in patients with PEX-glaucoma. In the same study, patients with PEX-glaucoma had higher probability of developing acute cerebrovascular events compared to patients with non-PEX related glaucoma.\[[@ref56]\] Alzheimer's disease has also been linked to PEX syndrome.\[[@ref1][@ref57]\]

Aortic aneurysm and peripheral vascular disease {#sec2-3}
-----------------------------------------------

A high frequency of abdominal aortic aneurysm (AAA) has been reported in patients with PEX syndrome.\[[@ref50][@ref58]\] In a prospective study by Schumacher *et al*., 55 patients that required surgery for aneurysm of the abdominal were examined and 44% of them demonstrated ocular manifestations of PEX.\[[@ref6]\] Diffuse fibrosis and elastosis of the tunica intima and accumulation of PEX deposits in the adventitial and subendothelial connective tissue are the most common histopatholgical findings in patients with coexistence of AAA and PEX.

Although a clear association between PEX and peripheral vascular disease has not been demonstrated, a recent study including a total of 160 patients showed that subjects with PEX and cataract had significantly lower ankle branchial index (ABI) compared to the control group.\[[@ref59]\]

Conclusions {#sec1-6}
===========

Although most of current experience with PEX syndrome exists in the field of ophthalmology, there is accumulating clinical and laboratory evidence that this condition may occur as part of a general systemic disorder with major cardiovascular implications. Individuals with PEX are susceptible to increased cardiovascular risk; therefore, physicians should be alerted in early recognition of symptoms, prompt diagnosis, and prevention strategies. Nevertheless, more data are still required with regards to the optimal treatment strategies, such as the role of early statin treatment in patient presenting with features of the PEX syndrome and need for routine noninvasive assessment, in order to diagnose promptly any coexistent cardiovascular comorbidities.

**Source of Support:** Nil

**Conflict of Interest:** None declared.
